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ABSTRACT : PROBLEM TO BE SOLVED: To form a barrier film having a good connection hole-buried 
shape, high barrier function and low CI concn. in the film. 

SOLUTION: The process comprises holding a Si substrate 2 having trenches in ah oxide 
film on a substrate holder 3, actuating a vacuum pump 17 to evacuate a chamber 1 , 
heating the substrate 2 by a substrate heating mechanism 4, opening a valve 12 to feed a 
NH 3 gas after stabilizing the substrate temp, and opening valves 10 and 14 to feed TiCI 4 
and &2h\ 6 from, a jshower head 15 to deposit a B-containing TiN film in the trenches of the 
substrate 2. As B is added into the film, the film changes from a columnar structure to an 
amorphous one which reveals a sufficient barrier function even when Cu is used for wiring 
materials. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** S hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] electrode connection [ in / semiconductor 
devices, such as a large-scale integrated circuit (LSI), / this invention relates to the formation 
method of a barrier film, especially ] — it is related with the formation method of the TiN 
system barrier film covered with the titanium night RAIDO (titanium nitride : TiN) film which 
contains boron (B) in a hole as a barrier metal layer by the chemical vapor deposition 
(CVD;chemical vapor deposition) 
[0002] 

[Description of the Prior Art] heat treatment [ in / a wiring process / on semiconductor 
devices, such as LSI, and ] — electrode connection — a hole — in a bottom, the alloy and 
substrate silicon (Si) of the aluminum (aluminum) metal or aluminum which is a wiring 
material, and copper (Cu) react, and the problem by which junction is destroyed arises In 
order to avoid this, making a TiN thin film deposit as a barrier film between a wiring metal and 
Substrate Si is performed conventionally. 

[0003] This is because TiN cannot react with Si, but even the elevated temperature of 900 
degrees or more can suppress that the impurity in the substrates Si, such as phosphorus (P) 
and boron (B), is spread further and it can suppress that aluminum is further spread in 
Substrate Si. 

[0004] the reactant spatter using a former and titanium (Ti) target and argon (Ar)+ nitrogen 
(N2) mixed gas — connection — a hole — the TiN thin film of this barrier layer has been 
deposited on a bottom however, detailed-izing of a semiconductor device — following — wiring 
connection — the diameter of a hole — 0.5 microns or less — narrow — becoming — and 
connection — as a result of the ratio (aspect ratio) of the depth of a hole to the diameter of a 
hole becoming large, degradation of the shape of a flush type of the TiN film by the usual 
reactant spatter is posing a problem 

[0005] If the shape of a flush type deteriorates, since TiN is mainly deposited on the electrode 
ring upper part and is not deposited on the bottom of the micropore for electrodes, good 
electrode formation will become impossible and problems, such as the aforementioned 
junction destruction, will produce it. Although the collimation spatter method, the long slow 
spatter method, etc. which controlled the directivity of a spatter particle for the purpose of 
avoiding this problem are developed, when a semiconductor device turns minutely more, the 
shape of a flush type may deteriorate like the conventional spatter. 

[0006] In order to solve this problem, the TiN thin film deposition technology by the chemical- 
vapor-deposition (CVD) method is developed (for example, JP,63-174319,A, JP,6-283532,A, 
etc.). the chemical reaction in the inside of the substrate front face where this was heated, 
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and a gaseous phase — using — connection ~ a hole — it is the method of making a bottom 
and a side attachment wall depositing a TiN film It is divided roughly into the organic-metal 
CVD (MOCVD) method for using organic-metal gas for the CVD of TiN as material gas of Ti, 
and the chloride method using a chloride. 

[0007] Generally the direction of the film obtained by the latter chloride method is supposed 
that it has the membraneous and good shape of a good electrode flush type, for example, a 
TiN thin film is made to deposit using pyrolysis and the reduction reaction of material gas on 
the substrate which used and heated ammonia (NH3) as material gas of a titanium 
tetrachloride (TiCI4) and nitrogen as material gas of Ti. 
[0008] 

[Problem(s) to be Solved by the Invention] However, when a TiN thin film is made to deposit 
by the CVD using the conventional TiCI4/NH3 gas system from which the shape of good 
membraneous quality and a flush type is acquired comparatively easily, the problem to which 
the chlorine (CI) which is a composition element of material gas remains in a film arises. The 
chlorine which remained in the film causes wiring corrosion, and becomes the cause of 
degrading reliability property degradation of a semiconductor device or over a long period of 
time. Although it is necessary to make membrane formation temperature high in order to 
reduce the level of chlorine in a film, if adjustment with other processes is taken into 
consideration, membrane formation temperature cannot only be raised. Furthermore, since 
the TiN film obtained by the above-mentioned CVD has the columnar structure, the barrier 
property to the copper (Cu) currently examined as a next wiring material has a low problem. 
[0009] what was made in view of the point of the above [ this invention ] — it is — good 
connection - a hole — it has the shape of a flush type, and barrier property is high and it aims 
at offering the formation method of a barrier film that the level of chlorine in a film can form a 
low film 
[0010] 

[Means for Solving the Problem] in order that this invention may attain the above-mentioned 
purpose — connection — the method of growing up the barrier film by the titanium-nitride film 
by the chemical-vapor-deposition method which used the gas and the titanium tetrachloride 
which contain nitrogen in the base and the side of a hole as a composition element as material 
gas — it is — material gas — diboron-hexahydride gas — supplying — connection — it is made 
deposit the barrier film by the titanium-nitride film which contains boron in the base and the 
side of a hole 

[0011] The barrier film by the titanium-nitride (TiN) film which contains boron (B) in the base 
and the side of a hole is faced depositing by the chemical-vapor-deposition method, this 
invention - connection - With the gas and titanium-tetrachloride (TiCI4) gas which contain 
nitrogen (N) as a composition element Since diboron-hexahydride (B-2 H6) gas was supplied, 
chlorine is efficiently drawn out by strong reduction operation of B-2 H6 from the front face 
under membrane formation, and residual-chlorine concentration can be reduced also in the 
membrane formation temperature to which chlorine remains in large quantities by the 
conventional method. Furthermore, in this invention, the structure of a TiN film can consider 
as a conventional microcrystal or conventional amorphous structure denser than a columnar 
structure by adding B in a TiN film. 
[0012] 

[Embodiments of the Invention] Next, the form of operation of this invention is explained with 
a drawing. 

[0013] Drawing 1 shows the ** type view of the CVD system applied to the form of 1 
operation of this invention method. In this drawing, NH3 was used as material gas of TiCI4 and 
and N as material gas of Ti. Furthermore, the diboron hexahydride (B-2 H6) which was diluted 
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i% by H2 in addition to these material gas was added. It diluted 1% because it was easy to 
use the direction of the gas which he did not want for the toxicity of material gas to have been 
high and to use at 100%, and was diluted on the occasion of the control of flow of gas. 
[0014] The substrate attaching part 3 to which this CVD system holds a chamber 1 and the 
substrate 2 to which it is in it, The substrate heating mechanism 4 for heating a substrate 2 
and the substrate attaching part 3, and the thermocouple 5 for measuring the temperature of 
a substrate 2, The electric power supply to the substrate heating mechanism 4, the 
temperature-control system 6 which performs a temperature control, and the thermostat 8 to 
which the temperature of TiCI4 held at the bubbler 7 is changed, The mass-flow controller 9 
and bulb 10 which control the supply interruption of TiCI4, The mass-flow controller 11 and 
bulb 12 which control the supply interruption of NH3 gas, The mass-flow controller 13 and 
bulb 14 which control the supply interruption of B-2H6 gas, the shower head 15 which supplies 
those gas to the front face of a substrate 2, and the pressure regulation which maintains the 
pressure of the introduced aforementioned material gas uniformly inside a chamber 1 — 
business — with the adjustable bulb 16 It has a vacuum pump 17, the pressure gage 18 which 
measures the pressure of the chamber 1 interior, the source 19 of plasma for plasma 
decomposing N system raw material, and the bulb 20 which manages the supply interruption 
of NH3 gas to the source 19 of plasma. 

[0015] Drawing 2 shows the ** type view showing substrate structure for the form of 1 
operation of this invention method. In this drawing, the silicon oxide 22 with a thickness of 
about 1 micron has accumulated by CVD on the silicon substrate 21. A photoresist is applied 
on it, and of the usual mask exposure and dry etching, as shown in drawing 2 , the trench 23 
with a width of face [ of 0.25 microns ] and a depth of 1 micron is formed. Then, the substrate 
structure which the resist which remained is removed by ashing using oxygen gas, and is 
shown in drawing 2 is produced. 

[0016] Next, how to form a barrier film by the CVD system of drawing 1 using this substrate 
structure is explained. After holding the silicon substrate 2 of the structure of drawing 2 on the 
substrate attaching part 3 and exhausting the interior of a chamber 1 with a vacuum pump 
17, a substrate 2 is heated at 400 degrees according to the substrate heating mechanism 4. 
The temperature of the silicon substrate 2 at this time is measured with a thermocouple 5, 
and is controlled by the temperature-control system 6. 

[0017] After substrate temperature is stabilized, a bulb 12 is opened and NH3 gas is supplied. 
NH3 quantity of gas flow is controlled by the mass-flow controller 11, and is set to 400sccm. 
With the form of this operation, the source 19 of plasma supplied NH3 gas to the substrate 2 
from the shower head 15 without using it. At this time, the pressure regulation bulb 16 and 
the vacuum pump 17 were used, and the pressure inside a chamber 1 was maintained to 
300mmTorr(s). 

[0018] Next, a bulb 10 and a bulb 14 are opened, TiCI4 and B-2 H6 are supplied from the 
shower head 15, and the TiN film containing B is made to deposit. Each quantity of gas flow of 
TiCI4 and B-2 H6 was controlled by the mass-flow controllers 9 and 13, and was taken as 
10sccm(s) and 5sccm, respectively. 

[0019] When other growth conditions were made the same and B-2 H6 was not supplied 
during membrane formation, the chlorine of 1021 atoms/cm3 remained in the obtained TiN 
film. Here, the secondary ion mass analyzer (SIMS: Secondary Ion Mass Spectrometer) 
analyzed the residual-chlorine concentration in a film quantitatively. When not supplying B-2 
H6, even if it formed aluminum wiring using the TiN barrier film, aluminum wiring corroded by 
chlorine immediately and the open circuit arose. Moreover, when the obtained film had the 
columnar structure and copper was used as a wiring material, sufficient barrier property was 
not obtained but the property of a semiconductor device deteriorated. 
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[0020] In the TiN film obtained on the other hand according to the form of this operation that 
supplied B-2 H6 during membrane formation, residual-chlorine concentration is as little as less 
than three 1017 atoms/cm, and the cause of wiring corrosion of residual-chlorine 
concentration did not become. Moreover, as a result of adding B in a film, since membranous 
structure was pillar-shaped, when it changed amorphously and copper was used as a wiring 
material, sufficient barrier property was able to be shown, and property degradation of a 
semiconductor device was able to be suppressed. As the shape of a flush type of the trench 
which is an electrode ring, when B-2 H6 was not supplied, it fell to about 85% by supplying B- 
2 H6 to step coverage (ratio of the thickness of the bottom of a trench and the silicon-oxide 
upper part) having been about 100%. However, this step coverage is also enough practically 
and the shape of a good flush type was realized. 

[0021] The TiN film containing good B described in the form of this operation is not restricted 
to the membrane formation conditions stated to the form of this operation, the residual- 
chlorine concentration in a film is reduced, and the membrane formation conditions from 
which a microcrystal or an amorphous crystal is obtained are chosen suitably. 
[0022] Next, the form of operation of the 2nd of this invention is explained. The equipment 
configuration is the same as that of drawing 1 , and the point that the substrate to be used 
has the structure of drawing 2 is the same as the form of the 1st operation. After holding on 
the silicon-substrate substrate attaching part 3 which has the structure of drawing 2 and 
exhausting the interior of a chamber 1 with a vacuum pump 17, a substrate 2 is heated at 350 
degrees according to the substrate heating mechanism 4. The temperature of the silicon 
substrate 2 at this time is measured with a thermocouple 5, and is controlled by the 
temperature-control system 6. 

[0023] After substrate temperature is stabilized, the bulb 20 which manages the supply 
interruption to the source 19 of plasma for NH3 gas is opened and supplied. NH3 quantity of 
gas flow is controlled by the mass-flow controller 11, and is set to 400sccm. With the form of 
this operation, the source 19 of plasma was used and NH3 gas beforehand decomposed into 
the substrate 2 was supplied. At this time, the pressure regulation bulb 16 and the vacuum 
pump 17 were used, and the pressure inside a chamber 1 was maintained to 300mmTorr(s). 
[0024] Next, a bulb 10 and a bulb 14 are opened, TiCI4 and B-2 H6 are supplied from the 
shower head 15, and the TiN film containing B is made to deposit. Each quantity of gas flow of 
TiCI4 and B-2 H6 was controlled by the mass-flow controllers 9 and 13, and was taken as 
10sccm(s) and 5sccm, respectively. 

[0025] In the form of this operation, since the source 19 of plasma was used, substrate 
temperature was made into low temperature as compared with the form of the 1st operation. 
However, since NH3 which is material gas in order to raise the reactivity of N beforehand using 
the source 19 of plasma was decomposed, also in the form of this operation, the same effect 
as the form of the 1st operation was acquired. 

[0026] In addition, N2 or N2H4 gas can also be used for the gas which this invention is not 
limited to the form of the above operation, and contains nitrogen in addition to NH3, or two or 
three mixed gas, NH3, N2, and N2H4, is sufficient as it. 
[0027] 

[Effect of the Invention] The gas which contains N according to this invention as explained 
above, and TiN which used TiCI4 as material gas Since B-2 H6 was supplied in CVD in addition 
to the material gas system of TiN, Chlorine is efficiently drawn out by strong reduction 
operation of B-2 H6 from the front face under membrane formation, by the conventional 
method, also in the membrane formation temperature to which chlorine remains in large 
quantities, residual-chlorine concentration can be reduced, it can compare with the former, 
and reliability can be improved the property of a semiconductor device, and over a long period 
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of time. 

[0028] Moreover, since the structure of a TiN film can consider as a conventional microcrystal 
or conventional amorphous structure denser than a columnar structure by adding B in a TiN 
film according to this invention, barrier property can be improved conventionally, therefore 
according to this invention — connection — maintaining good step coverage in a hole, the 
residual-chlorine concentration in a film is low, and the TiN barrier layer thin film excellent in 
barrier property can be formed 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 It is the block diagram of the CVD system applied to the gestalt of operation of 
this invention method. 

[Drawing 2] It is the ** type view showing the substrate structure for explaining the gestalt of 
operation of this invention method. 
[Description of Notations] 

1 Chamber 

2 Substrate 

3 Substrate Attaching Part 

4 Substrate Heating Mechanism 

5 Thermocouple 

6 Temperature-Control System 

7 Bubbler 

8 Thermostat 

9, 11, 13 Mass-flow controller 

10, 12, 14, 20 Bulb 

15 Shower Head 

16 Adjustable Bulb for Pressure Regulation 

17 Vacuum Pump 

18 Pressure Gage 

19 Source of Plasma 

21 Silicon Substrate 

22 Silicon Oxide 

23 Trench 

[Translation done.] 
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